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Introduction
International Science and Engineering (S&E) partnerships for research and education are essential for maintaining U.S. competitiveness in the 21 st century (National Science Board, 2008) and existing engineering program outcomes like globalization, contemporary issues, and sustainability lay the foundation upon which these needed international partnerships can be built. Unfortunately, a recent survey of engineering undergraduates found that less than 2% viewed globalization and contemporary issues as one of the five most important engineering outcomes and only 30-36% felt "well" or "very well" prepared to incorporate global context or contemporary issues into engineering practice respectively (Atman, 2007) . Outcome 11 of the draft BOK for Environmental Engineers addresses globalization and contemporary issues citing "awareness of the impact of inadequate sanitation on public heath in many parts of the developing world and the impact of human activity on climate change" as examples of issues that are both global (integration of processes or delivery systems that transcend national, cultural and language differences) and contemporary (problems and topics of emerging importance or recent discovery). Outcome 8 recognizes the critical role of environmental engineers in the emerging sustainable engineering sub discipline and requires the "integration of sustainability into the analysis and design of engineered systems"
The global challenges that graduates must be prepared to solve are illustrated in the United Nations Millennium Development Goals (MDGs) and these provide Page 14.913.3 motivation for integrating international experiences with engineering education (United Nations, 2000; UN Millennium Project, 2005) . For example, Goal 7 of the MDGs addresses the need for safe water, sanitation, and hygiene by aiming to halve the proportion of people without access to safe water and adequate sanitation from 1990 benchmarks by 2015. These targets present technological and socio-political challenges (Zimmerman et al., 2008) and to meet them, more non-traditional partnerships and funding mechanisms are emerging that include non-governmental and civic organizations (Hokanson et al., 2006; Mihelcic, et al., 2005 Mihelcic, et al., , 2006 . Table 1 lists examples of partnerships in the Civil and Environmental Engineering program at the University of South Florida (USF) that include experiences for undergraduate, master's and doctoral students. This paper discusses the cases that include mixed levels of students (cases 3 and 4). Case 5 will start in May 2009 and is not discussed, even though it includes all levels of university students. The paper will show how these non-traditional partnerships are currently integrated with university level education (undergraduate and graduate) and research to develop sustainable solutions for global problems. 
Case 3: Bolivia Research Experience
An NSF research project situated in Bolivia allows undergraduate and doctoral graduate students to work with a non-government organization and rural community water committees to research issues of water supply, water scarcity, sanitation, and watershed management. The project objectives are: 1) Pairing undergraduate and experienced graduate students who have a demonstrated interest in issues of sustainable development. 2) Integrating the research experience into education initiatives that are focused on sustainable development. 3) Ensuring the research experience focuses on appropriate technology (defined here as the use of materials and technology that are culturally, economically, and socially suitable to the area in which they are implemented). 4) Using an operational model for sustainable development that is a global partnership, so students understand how to integrate and transfer the best and most appropriate knowledge, methodologies, techniques, and practices between the developed and developing worlds. 5) Partnering with both a Bolivian University and nongovernmental organization to ensure students learn the importance of making research socially relevant. 6) Engaging women and underrepresented minorities in science and technology research that has a focus on sustainability. Understanding of written and spoken Spanish is required of all students and Figure 1 summarizes programmatic interventions used to improve language skills. One modification to the program in Year 2 was that students completed a 1 to 2 week language and culture immersion in Bolivia prior to the start of their one month assignment. Students are housed with student families of the Bolivian student participants. A field trip at the start of the program further develops the relationship between US and host students who are required to work together on assignments after which students return to their host families for the remainder of the project. As Table  1 shows, the first two years of the program attracted a high percentage of female participants from engineering. The third year (summer 2009) will have participation from students in engineering, health, and applied anthropology and there is an increase in the number of underrepresented minority students projected mainly due to the addition of USF as a new partner institution. Graduate students will also be drawn from USF programs that allow students to obtain a dual graduate degree in environmental engineering, global public health, and applied anthropology.
Student feedback was solicited through a survey consisting of three parts, including multiple choice questions and two essay type questions. Over the course of the research program, 100 % of the students said that (1) their understanding of sustainability issues related to household/community level increased, (2) their understanding of sustainability issues related to global level increased, (3) their research skills to solve sustainability problems increased and, (4) they were more likely to continue by education because of this experience.
All of the students agreed with the statement "Using an operational model for sustainable development that is a global partnership, students will learn to understand how to integrate and transfer the best and most appropriate knowledge, methodologies, techniques, and practices between the developed and developing worlds to ensure a sustainable future." Examples of their answers are below: Some of the barriers identified in the other essay question included language, educational background of students, and limited time in country. Some student responses to these barriers and how they overcame them are described below.
"One of my favorite experiences was visiting Sararia and talking to the actual community members. I felt this was the one opportunity we really got to be involved with the communities affected by the research performed. Having a stronger grasp of Spanish would have helped in this situation, but working with a Bolivian student made this experience more rounded and better overall." "Language was the largest barrier to overcome and I wish I would have been able to better communicate with the Bolivians. It helped that many of the students spoke English, but this was no help for me when we needed to converse with members of the community."
When asked for additional comments, students generally praised the project and suggested more like it integrated into undergraduate curriculum, longer times in country, and the provision of similar type projects for Bolivian students in the US.
The graduate student feedback implied that students 1) learned how to mentor undergraduate students in research projects, 2) better understood how to partner with scientists and engineers located outside the U.S. after participating in the program, and 3) saw how to integrate international experience into graduate level research after participating in the program. Some reflections of the influence of the research experience on their professional goals after graduation are: Engineering, Public Health and Geography, have developed a two-course sequence of graduate level classes that integrate sustainability teaching with research using inquiry-based and experiential learning. Each course uses a specific case around which the course content is focused; the first course focused on mercury issues in the Tampa Bay area and the second is focused on mercury issue in Guyana, a developing country in South America. The courses take an interdisciplinary approach and are taught by the three faculty PIs. Student participation from multiple colleges is achieved through course cross-listings. Sustainability concepts are initially taught with a constructivist approach, with students actively participating through reading, discussion, and writing to explore alternative definitions of sustainability. In addition to learning about a few general sustainability study tools (life cycle assessment, footprint calculators, target plot indicators), the classes focus on learning and applying methods from each of the disciplinary expertise areas of the faculty involved (environmental measurement, systems modeling, and population surveys). Students actively use these methods for case research through field work, laboratory analysis, computer modeling, and analysis of collected data on the course case focus. Field work in the first course was through regular research trips within the local area and through a week-long class trip to the international site in the second course. Students prepare a group research report and give a presentation on the study case research and outcomes.
The second course included a field experience in Guyana, South America for one week over the 2009 spring break period. Course learning objectives state that by the end of the course students should be able to: 1) discuss and evaluate definitions of sustainability, 2) discuss developing country perspectives on sustainability, 3) discuss aspects of the developing country context that affect and shape projects with sustainability goals, 4) identify and integrate sustainability research approaches (and/or experts) across disciplines, 5) apply Hg environmental sampling, population surveying, and systems modeling methods, and 6) evaluate the value (and limitations) of the above methods from both scientific and social perspectives.
Ten students participated in this course, 60% were female, 20% were African American, and 40% were at the master's level. Four were from the college of public health, one was a geography student and the rest were from engineering. The field site was chosen based on existing partnerships between one of the PIs and entities in Guyana involved in small scale gold mines and mercury use that include Non Governmental Organizations (NGO). Mercury is a global pollutant and the second largest user of mercury is small scale gold mining, especially prevalent in developing countries like Guyana. WWF-Guianas is leading efforts in Guyana, Suriname and French Guiana (the Guianas) to reduce the use of mercury in small scale gold mining through research, education and training programs and one of the PIs has already Page 14.913.8
worked with them on projects that also involve faculty from the Environmental Studies Unit at the University of Guyana. Since 2005, three doctoral students have been recruited to USF's engineering school from the University of Guyana and two are currently taking this course. These students lead discussions on local culture and customs and shared relevant experiences on the class topics to prepare the class for the field trip. They were critical at the field site location in terms of identifying key informants through local contacts, especially given a logistical glitch that prevented the WWF representative from being at the field site. In addition to working in an active mining area, the students first visited a biodiversity conservation reserve, Iwokrama (www.iwokrama.org), where illegal mining is a concern for the livelihood of indigenous populations along the area's periphery and where staff wanted training on water quality monitoring.
On learning of opportunities in Guyana the students suggested visiting the Iwokrama international research site which they felt better represented their diverse interests in terms of sustainability. The million acre reserve supports ecotourism, a butterfly farm, and a sustainable (FSC certified) logging operation and has a local indigenous population of 200 living within its boundaries. The first three days were spent in Iwokrama where students and staff of Iwokrama were trained in environmental sampling (Iwokrama was starting a water quality monitoring program) and population survey methods. Student teams were already formed prior to arriving in Guyana, with leaders being the graduate research students on the project. After training in the field, slight team rearrangement occurred to better match students with tasks. Given the short time in country, the teamwork made the work more efficient. The second site was in Madia, a gold mining town of ~2000 persons and the group spent two nights there with only one day dedicated to visiting 5 different small and medium scale gold mining operations. Based on internet searches, communications with people in Guyana and feedback from the Guyanese students in the class, students expected Madia to lack infrastructure (solid waste collection, available potable water), and have high incidence of health issues like malaria. Whilst these things were true of the area, the openness of miners, accessibility to sites, and scale of the operations quickly changed student concerns. Group discussions on perceptions of the areas visited and the experience whilst in the field, highlighted that students really appreciated the opportunity to visit the two different sites which had contrasting approaches to sustainability and expressed an interest in visiting comparable sites close to the university like the phosphate mines. Further class evaluations are currently underway and will be examined from the perspective of lessons learnt for working in a developing country (e.g. importance of local community contacts, flexibility needed in planning etc.), the benefits or drawbacks of the interdisciplinary nature of research and education, and changing perspectives on sustainability as applied in real world situations outside the US.
Conclusion
The case studies discussed demonstrate opportunities for addressing real world problems whilst meeting Outcomes 8 and 11 of the proposed environmental engineering BOK. Although the focus of this paper was on these two outcomes, the Page 14.913.9 8 cases do or can address a much broader set of the outcomes. They also align strategically with national goals that have documented the rapid social, political, economic, and environmental changes occurring in the world and associated implications for engineering education, research, practice, and importantly, the economic competitiveness of our Nation (see for example, the National Academy of Engineering in Educating the Engineer of 2020, and the American Society of Civil Engineers in 2025 Vision for Civil Engineering). The cases discussed have also demonstrated a record of high female and underrepresented minority enrollments and may serve as models for broadening participation in the discipline.
